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http://dx.doi.org/10.1016/j.hkpj.2013.07.00Abstract The objective of this study was to investigate the balance performance in a cohort
of children with severe to profound grade hearing impairment. Twenty-eight children (14 girls)
aged 6 to 11 years old who had unilateral (6) or bilateral (22) severe to profound grade senso-
rineural hearing impairment were assessed using the BruininkseOseretsky test of Motor Profi-
ciency (BOT2), Pediatric Functional Reach Test (FRT), Pediatric Version of Clinical Test for
Sensory Interaction of Balance (P-CTSIB), Test of Postrotary Nystagmus (PRN). Parental func-
tional concern was also collected. Friedman test was used to compare the performances in
the 5 subtests of BOT2. Spearman test was used to assess the correlation between balance sub-
test of BOT2 with the other administered tests. These children showed significantly worse per-
formance in balance subtest as compared to the other 4 subtests in BOT2. Their balance
performance (BOT2) was significantly correlated to the performance in P-CTSIB with vision ab-
sent, vision inaccurate, somatosensory inaccurate and vestibular accurate. Their balance per-
formance was also correlated to their performance in bilateral coordination. The clinical
implication is that balance assessments should be included as a routine procedure for early
detection of dysfunctions in hearing impaired children, so as to guide the formulation of appro-
priate interventions.
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Hearing loss is usually diagnosed early in life. Early inter-
vention focusing on the development of communication
skills is much emphasised. However, in this group of chil-
dren, teachers and parents sometimes observe weak coor-
dination, clumsiness, and balance deficits, which may
affect their ability to function optimally within the envi-
ronment and to interact with their peers [1,2]. Balance
disorder in children is very often difficult to recognise.
Children are not able to describe their symptoms and they
just look clumsy. Routine screening usually does not include
assessment of balance and motor function unless there are
obvious neurological or orthopaedic concerns [3,4].
Therefore, early identification and remediation of balance
and motor deficits are important.
Balance is maintained through the input of three signal
systems, namely, visual, proprioceptive, and vestibular.
Damage to any of these systems or an abnormality in the
central nervous system (CNS) can cause balance problems
[5]. The functional vestibular system comprises vestibulo-
spinal and vestibulo-ocular systems. The vestibulospinal
system contributes to the postural tone necessary for the
emergence of early motor milestones. The vestibulo-ocular
system contributes to visual stabilisation, acuity, and the
development of visual spatial and perception abilities [6]. It
is normal for persons of different age groups to have a
certain amount of postural sway, but a child imitates the
adult pattern of postural control by 7e10 years of age [3].
Balance skills and normal motor performance require an
intact postural control system, which depends on sensory,
motor, and integrative components [3,7].
Reports showed that vestibular dysfunction is common in
children with sensorineural hearing loss, and morphological
changes were found in the labyrinths of these children
[2,8,9]. Children with hearing impairment and normal
vestibular function performed like normal hearing peers on
balance and dynamic motor tasks, whereas those with
hearing impairment and concurrent vestibular dysfunction
presented with balance problems [8,10,11].
Studies reporting motor and balance deficits in chil-
dren with hearing impairment had been examined thor-
oughly. One study of 90 children, 8e10 years of age, with
severe hearing impairment of various aetiologies, re-
ported that that many, but not all, of these children
presented with impaired static balance, e.g., balance
during single-leg stand [12]. Another study reported
impaired dynamic coordination (e.g., balance beam
walking, skipping, hopping, and lateral hopping) in a
group of 55 children, aged 6e10 years, with idiopathic
hearing impairment [13]. Another study examined 200
children with hearing impairment of varying aetiology
and reported deficits in object control (e.g., ball skills)
and locomotor tasks (e.g., balance beam), mainly in
those <10 years of age [14]. Butterfield and Ersing [1]
reported that although no impairment of most motor
skills was evident in 132 children aged 3e14 years with
moderate to severe hearing impairment, deficits in static
and dynamic balance skills (e.g., kicking, jumping, and
hopping) were evident in the youngest children. Another
study examined seven children aged 4e5 years withprofound sensorineural hearing loss, and reported
immature responses in static and dynamic balance, with a
lack of proximal stability and delayed equilibrium re-
sponses [2].
De Kegel et al [15], who studied 23 children aged 6e12
years with moderate to severe hearing impairments,
concluded that clinical balance tests and posturography
offered different but complementary information, and
recommended that both tests should be included in the
assessment protocol of balance. Balance is a multidimen-
sional concept; balance control does not rely on a single
neural system and cannot be evaluated by a single test such
as static and dynamic balance. Martin et al [16] studied 32
children with sensorineural hearing loss, and showed that
motor performance was dependent on dynamic visual
acuity and severity of hearing loss. Hartman et al [17]
studied 42 deaf children with severe to profound hearing
loss and concluded that they had a definite motor problem
when compared to the normal population. These hetero-
genic results could be explained by the fact that different
components of balance were tested with different assess-
ment tools. Besides, different variables such as aetiology of
hearing impairment, severity of hearing loss, and age of
children at the time of testing might affect the results
[4,18].
No similar study has been carried out in the Hong Kong
population. The aim of this study was to investigate balance
performance in children with unilateral and bilateral severe
to profound sensorineural hearing impairment.
Methodology
A cross-sectional study was conducted. The study was
approved by the Ethics Committee of the Department of
Health, Hong Kong.
Participants
In 2009, all primary school-aged children, aged 6e11 years,
who were diagnosed with unilateral or bilateral severe to
profound sensorineural hearing impairment, were identi-
fied from the computer system of Child Assessment Service
(CAS), Department of Health, Hong Kong. Children who had
neurological, visual, or physical impairment in addition to
their hearing impairment or those with IQ less than 80 were
excluded. Patients and their parents were invited for a
clinical assessment. Written consent was obtained from the
parents.
BruininkseOseretsky Test of Motor
ProficiencydSecond Edition
The BruininkseOseretsky Test of Motor ProficiencydSecond
edition (BOT-2) was used to assess motor function. It is a
norm-referenced test of a range of motor behaviours that
allows comparisons to bemade between actual performance
and what may be expected from a child of the same age
(4.5e18 years). It comprises five subtests, including balance,
bilateral coordination, strength, upper limb coordination,
and running speed and agility. We defined these children as
having a problem in the specific gross motor area when they
83scoree1 SD or below themean in the respective subtest. The
racial/ethnic composition of the overall study sample used in
the standardisation of the test closely matched the US
population [19]. No local norm data were available for the
Asian population.Pediatric Functional Reach Test
The Pediatric Functional Reach Test is a recognised clinical
measure of balance, which involves both feedback and feed
forward (anticipatory postural control) mechanisms to
maintain equilibrium [20]. It measures the maximal dis-
tance (using a yardstick at the level of the acromion) that
an individual is able to reach forward from a starting
standing position with a fixed base of support without losing
balance [21]. It was initially developed for use in adult
populations and was considered to be a reasonable
approximation of force platform measure of the foot centre
of pressure excursion (a laboratory-based gold standard),
reliable and feasible to be administered to adults in a
clinical setting [21]. It has also been reported to provide
reliable measurements when used in childrendboth those
developing typically and those with neurological diagnoses
[22]. Concurrent validity of the paediatric functional reach
test was supported in the sample of typically-developing
children, based on force platform tests of limits of stability
[22].Pediatric Version of Clinical Test for Sensory
Interaction of Balance
The sensory organisation test (SOT) is a standardised test
that measures the contribution and interaction of visual,
somatosensory, and vestibular systems during postural
responses to a set of six changing sensory conditions, via
measures of postural sway and response strategy [20]. The
Pediatric Version of Clinical Test for Sensory Interaction of
Balance (P-CTSIB) is a modified clinical version of the SOT.
It is designed to quantify a child’s ability to use different
sensory systems to maintain standing balance. Six condi-
tions were tested with varied visual and somatosensory
inputs. The scoring system is provided in Appendix 1.
The six conditions are as follows:
(1) Eyes open, firm surface: All sensory systems operate
giving baseline stability. All visual, vestibular, and so-
matosensory inputs are accurate. Normal individuals
are very stable in this condition.
(2) Eyes closed, firm surface: Visual input is not available.
Somatosensory input is the primary sensory input and
vestibular input is secondary. High sway scores are
indicative of problems with the somatosensory sys-
tem. In normal individuals, there is no significant
difference in sway with eyes open or closed on a firm
surface.
(3) Visual conflict, firm surface: Visual input is inaccurate;
the child can rely only on somatosensory input as the
primary sensory input and vestibular input is
secondary.(4) Eyes open, foam surface: Visual input is the primary
sensory input and vestibular input is secondary.
The unstable surface provides inaccurate somatosen-
sory information, which imposes additional challenges
to the musculoskeletal system. Normal individuals
will sway more on the unstable surface but will not
fall.
(5) Eyes closed, foam surface: Visual input is not available,
and somatosensory input is compromised by the un-
stable surface; only vestibular information is accurate.
Again normal individuals will sway more on the unstable
surface but will not fall.
(6) Visual conflict, foam surface: Both visual and somato-
sensory inputs are compromised, with the vestibular
system providing the only reliable information.Postrotary nystagmus
Postrotary nystagmus (PRN) is an ocular response pro-
duced by stimulation of the semicircular canals and is
believed to reflect one aspect of CNS processing of
vestibular sensory input. An atypical absence of PRN score
is interpreted as a sign of low CNS responsivity to the
vestibular input. An atypically high PRN score (more than
10) is interpreted as a sign of insufficient CNS inhibition of
the lower nystagmatic reflex. Neither condition is
favourable and indicative of abnormal vestibular func-
tioning [23]. In this test, the child was asked to sit cross-
legged at the centre of the nystagmus board, with head
flexed to 30, the child was first rotated clockwise for six
cycles, 2 seconds per cycle, and then counterclockwise
similarly, with a rest of 3 minutes between the two di-
rections. The number of the nystagmus (oculomotor re-
flex) was counted after each direction.Functional concern
Parents were asked whether they had any concerns
regarding the child’s performance in play activities such as
“slide”, “swing”, and “merry-go-round” or in gross motor
functional activities such as having motion sickness or
having difficulty in maintaining balance when standing in a
moving vehicle.Analysis
SPSS (SPSS Inc., Chicago, IL, USA) was used for analysis of
data. Because the data were not normally distributed,
nonparametric statistical analysis was adopted. Friedman
two-way analysis of variance was used to compare the z-
scores of the five subtests of BOT-2. Spearman rank test was
used to identify correlations between the performances of
these children in the balance subtest of BOT-2 and their
balance performances in P-CTSIB, forward reach test, and
PRN test; parent’s functional concern; and their severity of
hearing loss [24].
Table 1 Differences in average ranks between all pairs of
subtests of BOT-2
Subtests Average rank
difference
Balance and bilateral coordination 2.23*
Balance and agility 2.01*
Balance and upper limb coordination 1.33*
Balance and strength 1.28*
Bilateral coordination and agility 0.22
Bilateral coordination and upper limb
coordination
0.90
Bilateral coordination and strength 0.95
Agility and upper limb coordination 0.68
Agility and strength 0.73
Upper limb coordination and strength 0.05
* Significant at a Z 0.05 level of overall significance.
BOT-2Z BruininkseOseretsky Test of Motor ProficiencydSecond
Edition.
Table 2 Correlation between balance subtest (BOT-2) and
various factors
Spearman
correlation
coefficient
p
Balance and postrotary nystagmus 0.403 0.033
Balance and severity of hearing loss 0.396 0.037
Balance and paediatric functional
reach test
0.109 0.582
Balance and P-CTSIBdvision accurate 0.163 0.409
Balance and P-CTSIBdvision absence 0.582 0.001*
Balance and P-CTSIBdvision
inaccurate
0.565 0.002*
Balance and P-CTSIBdsomatosensory
accurate
0.074 0.709
Balance and P-CTSIBdsomatosensory
inaccurate
0.655 <0.001*
Balance and P-CTSIBdvestibular 0.669 <0.001*
Balance and functional concern 0.367 0.055
*Coefficients are significant at p < 0.005 after Bonferroni
correction was applied to the comparisons (a Z 0.05/10; 10 is
the number of comparisons made).
BOT-2Z BruininkseOseretsky Test of Motor ProficiencydSecond
Edition; P-CTSIBZ Pediatric Version of Clinical Test for Sensory
Interaction of Balance.
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A total of 40 children met the inclusion criteria, but even-
tually only 28 families agreed to their children’s partici-
pation in the study. The response rate was 70%. These 28
children (14 boys and 14 girls), aged 6.2e12.6 years
[mean Z 8.8 years, standard deviation (SD) Z 1.9 years].
Six had unilateral sensorineural hearing impairment.
Twenty-two had bilateral sensorineural hearing
impairment.
According to the test result of BOT-2, four out of the six
unilaterally impaired children and 19 out of the 22 bilat-
erally impaired children (altogether 23 out of the 28 hear-
ing impaired children) had a balance problem. As there was
no statistical significance in proportion of children with a
balance problem between the unilateral and bilateral
groups of children, these two groups of children were
grouped together for analysis.
Multiple comparisons among five subtests of BOT-2
Each of the five BOT-2 subtests, namely balance, bilateral
coordination, upper limb coordination, agility, and
strength, was compared in turn with the others, in order
to determine whether hearing impaired children per-
formed equally in these aspects. Because there were five
subtests, 10 comparisons were possible. In order to ac-
count for the type I error rate due to multiple comparisons
(overall significant level aZ 0.05), the equation proposed
by Siegel and Castellan [24] was applied to the multiple
comparison analysis.
With the sample size equalling 28, and the number of
groups for comparison being 5, differences between all
pairs of groups were determined. For a large sample size,
these differences are approximately normally distributed.
However, for a large number of differences and differences
that are not independent, the comparison procedure must
be adjusted accordingly. Therefore, we tested the signifi-
cance of individual pairs of differences using the following
inequality [24]:
jR1  Ruj  za=kðk1Þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
kðkþ 1Þ
6N
r
ð1Þ
where a Z 0.05 level of overall significance for the two-
tailed test, k Z number of the groups Z 5, and
N Z sample size Z 28. The critical difference then
becomes:
za=kðk1Þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
kðkþ 1Þ
6N
r
Z2:72
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
5ð5þ 1Þ
6ð28Þ
s
Z2:72ð0:423Þ
Z1:15
ð2Þ
The critical difference of the Friedman two-way analysis
of variance test was 1.15. When the average rank differ-
ence was greater than the critical difference, it was
defined as a significant difference.
Differences of average ranks between the balance and
bilateral coordination subtests (2.23), balance and agil-
ity subtests (2.01), balance and upper limb coordinationsubtests (1.33), and balance and strength subtests
(1.28), all exceeded the critical difference; hence, there
were statistically significant differences between the
balance subtest and each of the remaining four subtests
(Table 1, Appendix 1). However, the pairwise comparison
among all the remaining four subtests did not exceed the
critical difference (Table 1, Appendix 1); therefore,
no significant differences were observed in the
85performances between each pair of the remaining four
subtests.Correlation among various performance results
The balance subtest in BOT-2 was studied to determine
whether it was correlated with other factors such as P-
CTSIB results (namely vision accurate, vision inaccurate,
vision absent, somatosensory accurate, somatosensory
inaccurate, and vestibular), PRN, paediatric functional
reach test, severity of hearing loss, and parental functional
concern. Therefore, Spearman nonparametric test was
applied. In order to avoid inflation of the alpha level, the
Bonferroni method was applied to the comparison
(a Z 0.05/k, k is the number of comparisons made) [25].
The number of comparisons made in Table 2 (Appendix 1)
was 10; hence, the a value should be 0.05/10, i.e., 0.005.
When the p value is <0.005, the correlation is statistically
significant.
The results showed that the balance subtest in BOT-2
was correlated with performances in P-CTSIB vision absence
(pZ 0.001), P-CTSIB vision inaccurate (pZ 0.002), P-CTSIB
somatosensory inaccurate (p < 0.001), and P-CTSIB
vestibular (p < 0.001; Table 2, Appendix 1), whereas it was
not correlated with performances in P-CTSIB vision accu-
rate (p Z 0.409), P-CTSIB somatosensory accurate
(p Z 0.709), Pediatric Functional Reach Test (p Z 0.582),
PRN (p Z 0.033), severity of hearing loss (p Z 0.037), and
functional concern (p Z 0.055; Table 2, Appendix 1).
Meanwhile, the balance subtest in BOT-2 was also
studied for correlations with the other four subtests in
BOT-2, namely bilateral coordination, upper limb coordi-
nation, agility, and strength. Spearman nonparametric
test and Bonferroni method were again applied. The
number of comparisons made in Table 3 (Appendix 1) was
4; hence, the a value should be 0.05/4, i.e., 0.0125. When
the p value is <0.0125, the correlation is statistically
significant. The results showed that the balance subtest in
BOT-2 was correlated with the bilateral coordination
subtest (p Z 0.006; Table 3, Appendix 1).Table 3 Correlation between balance subtest (BOT-2) and
the other four subtests
Spearman
correlation
coefficient
p
Balance and bilateral
coordination
0.508 0.006*
Balance and agility 0.435 0.021
Balance and upper limb
coordination
0.328 0.088
Balance and strength 0.180 0.360
*Coefficients are significant at p < 0.0125 after Bonferroni
correction was applied to the comparisons (aZ 0.05/4; 4 is the
number of comparisons made).
BOT-2Z BruininkseOseretsky Test of Motor ProficiencydSecond
Edition.Discussion
Previous research had shown impairments in motor per-
formances of children with hearing impairment, including
balance, ball skills, and dexterity [3,16,17]. With the
administration of the BOT-2, the present study found that
23 out of the 28 (82.1%) children with severe to profound
hearing impairment had balance problems. Multiple com-
parisons of the five subtests of BOT-2 showed that there
were statistically significant differences between the bal-
ance subtest and each of the remaining four subtests. Dif-
ferences of average ranks between the balance and
bilateral coordination subtests (2.23), balance and agility
subtests (2.01), balance and upper limb coordination sub-
tests (1.33), and balance and strength subtests (1.28), all
exceeded the critical difference. These results are in
alignment with most of the findings in previous literature
[2,12] and confirm that balance deficit is a common
sensorimotor impairment in children with severe to pro-
found hearing impairment. Balance may affect normal
motor development and postural control, and it has been
postulated as the primary cause of motor impairment [9].
However, the focus of evaluation and treatment for hearing
impaired children has often been on speech development.
In order to avoid unfavourable effects of balance problems
on normal development, postural control and balance as-
sessments should be included as a routine procedure in
physical assessment of these children.
This study also found that the balance performance
tested in BOT-2 was correlated significantly with the
postural stability performance in P-CTSIB when visual
input was absent (p Z 0.001), visual input was inaccurate
(p Z 0.002), and somatosensory input was inaccurate
(p Z 0.000), and when hearing impaired children had to
rely mainly on their vestibular system (pZ 0.000; Table 2,
Appendix 1). All the children in this study had sensori-
neural hearing impairment, which implied that their
vestibular system was affected. Damage to vestibular
structures early in life results in morphological alterations
in the vestibular system, with consequent deficiency of
balance and motor performance [10,11,26]. The present
results showed that P-CTSIB postural stability performance
was impaired when the vestibular system was solely relied
on. In addition, absent and inaccurate visual input, and
inaccurate somatosensory input also upset postural sta-
bility and balance performance of hearing impaired chil-
dren. By contrast, accurate visual and accurate
somatosensory inputs can compensate for balance prob-
lems even when the vestibular system is impaired, leading
to adequate balance. Therefore, this type of children
should be advised to seek for accurate visual and so-
matosensory inputs in balance-demanding environment,
e.g., mobility in a lightly challenged environment or on an
uneven ground. Anticipatory guidance (such as using their
eyes as much as possible; using a flashlight in the dark;
placing nightlights in their bedrooms, halls, and bath-
rooms; and being careful when they go hiking in the eve-
ning or night time) may be beneficial [27]. They should
seek information from the environment proactively, i.e.,
they should be more alert to the texture (sand, gravel, and
slippery surface) and level of the supporting surface
86 T.P.S. Wong et al.(slope, curb, and height of step). These recommendations
may be given to the hearing impaired children if the bal-
ance problem is identified early [3].
The balance performance tested in BOT-2 was also
found to be correlated significantly with bilateral coordi-
nation (p Z 0.006; Table 3, Appendix 1). It could be
explained by the fact that most of the motor tasks tested
in the bilateral coordination subtest require dynamic bal-
ance control. In real-life situations, motor activities that
require bilateral coordination skills will need balance
control as well. It is likely that performance in climbing
activities, at playgrounds, and for martial art, skipping
rope, dancing, and gymnastic tasks may be affected among
children with balance deficits. These children may also
have difficulty riding a bicycle and experience disorienta-
tion when swimming with their eyes closed [27]. There-
fore, they may tend to avoid participation in these
activities. Parents should understand their problem and be
aware of this phenomenon, and encourage proactively the
hearing impaired children to take part in these extracur-
ricular activities.
Functional concerns in relation to balance, reported by
caretakers and teachers in previous literature [1,2], often
go unnoticed among many parents in Hong Kong. Low
parental awareness of motor problems and disproportion-
ately high concern on academic performance are common
phenomena in Hong Kong. Parents are already very much
overwhelmed by their children’s hearing and language
problems. Hence, Child Assessment Service (Department ofAppendix 1. P-CTSIB test scoring system
 Condition 1 Condition 2 Conditi
Time (s)    
Deviation 
(degree) 
Score    
Vision accurate (Conditions 1 + 4):           
Vision absent (Conditions 2 + 5):             
Vision inaccurate (Conditions 3 + 6):          
Somatosensory accurate (Conditions 1 + 2 + 3): 
Somatosensory inaccurate (Conditions 4 + 5 + 6)
Vestibular (Conditions 5 + 6):               
Scoring: 0 = cannot assume position 
1 = stance ≤ 3 seconds 
2 = stance 4–10 seconds
3 = stance 11–20 or 30 seconds and >15
4 = stance 30 seconds and 6–15° sway
5 = stance 30 seconds and ≤5° swayHealth, Hong Kong) is using a gross motor screening form in
the regular screening process to identify effectively
possible balance problems in children with severe to pro-
found hearing impairment.
While interpreting the study results, the following points
should be taken into considerations. Firstly, the total
number of hearing impaired children in this study was
small, only 28 of the 40 (70%) contacted patients agreed to
participate. Secondly, out of the 28 participants, six were
unilaterally and 22 were bilaterally affected. The small
number of unilaterally affected children made it difficult to
study for any correlation between balance and unilateral or
bilateral hearing impairment. Lastly, this study did not have
any control group, and therefore the study results should be
interpreted with caution.
In conclusion, the study showed that severe-to-
profound-grade hearing impaired children had signifi-
cantly worse performance in the balance subtest as
compared to the other four subtests in BOT-2. Their bal-
ance performance (BOT-2) was correlated significantly with
the performance in P-CTSIB with vision absent, vision
inaccurate, somatosensory inaccurate, and vestibular ac-
curate. Besides, the balance performance was also corre-
lated with their performance in bilateral coordination.
Hence, balance assessments should be included as a routine
procedure for early detection of dysfunctions in hearing
impaired children, so as to provide them with appropriate
training and recommendations to be incorporated into their
daily lives.on 3 Condition 4 Condition 5 Condition 6 
   
   
___________ 
___________ 
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 ___________ 
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